An important question in evolutionary biology is how often, and to what extent, do similar ecologies elicit distantly related taxa to evolve towards the same phenotype? In some scenarios, the repeated evolution of particular phenotypes may be expected, for instance when species are exposed to common selective forces that result from strong functional demands. In bivalved scallops (Pectinidae), some species exhibit a distinct swimming behaviour (gliding), which requires specific biomechanical attributes to generate lift and reduce drag during locomotive events. Further, a phylogenetic analysis revealed that gliding behaviour has independently evolved at least four times, which raises the question as to whether these independent lineages have also converged on a similar phenotype. Here, we test the hypothesis that gliding scallops display shell shape convergence using a combination of geometric morphometrics and phylogenetic comparative methods that evaluate patterns of multivariate trait evolution. Our findings reveal that the gliding species display less morphological disparity and significant evolutionary convergence in morphospace, relative to expectations under a neutral model of Brownian motion for evolutionary phenotypic change. Intriguingly, the phylomorphospace patterns indicate that gliding lineages follow similar evolutionary trajectories to not one, but two regions of morphological space, and subsequent analyses identified significant differences in their biomechanical parameters, suggesting that these two groups of scallops accomplish gliding in different ways. Thus, whereas there is a clear gliding morphotype that has evolved convergently across the phylogeny, functionally distinct morphological subforms are apparent, suggesting that there may be two optima for the gliding phenotype in the Pectinidae.
Introduction
How often, and to what extent, do similar ecologies elicit distantly related taxa to evolve towards the same phenotype? Alike phenotypes can arise when species exploit a common trophic niche and evolutionarily respond in a congruent manner to those selective constraints required for particular function or biomechanical task (Herrel et al., 2008; Vincent et al., 2009; Adams & Nistri, 2010) . This is the pattern of convergence, the repeated evolution towards similar phenotypes among multiple lineages that ancestrally lack the trait (Stayton, 2015) . As such, convergent evolution is regularly treated as evidence for adaptation (Harvey & Pagel, 1991; Larson & Losos, 1996) . Some of the best known examples of convergent evolution are seen in the similarity in body plans of the succulent plants in Euphorbiaceae and Cactaceae (Alvarado-C ardenas et al., 2013) and Old and New World anteaters (Beck et al., 2006) , or the similarity of skull shape between the marsupial Thylacine (Tasmanian wolf) and that of the placental canids (Wroe & Milne, 2007; Goswami et al., 2011) .
However, convergence need not create perfect morphological replicas. Rather, there can be varying degrees of morphological variance among phenotypes even if they experience selective regimes that impose similar or identical functional demands. For example, lineages may converge towards a general area of morphospace, but occupy different regions within it (Leal et al., 2002; Herrel et al., 2004; Stayton, 2006) . Likewise, independent lineages may evolve to a distinct region in morphospace, but the size of this region may be larger than what the morphospace is for the ancestral phenotypes of those lineages (Collar et al., 2014) . Furthermore, when multiple levels of biological organization are compared, one may observe convergence in the ability to perform a particular task across a set of taxa, even when such taxa exhibit distinct or even divergent morphologies (reviewed in Wainwright, 2007) . In some cases, the disconnect across the functional-morphological boundary can occur when modular morphological components are present, allowing for distinct combinations of morphological forms to create similar functional properties (Alfaro et al., 2004; Wainwright et al., 2005) .
For evolutionary biologists, quantifying convergent patterns has long been an analytical challenge, and numerous approaches have been suggested to characterize particular attributes that inform on patterns and processes of convergence (Stayton, 2006 (Stayton, , 2008 Muschick et al., 2012; Arbuckle et al., 2014) . However, several recently developed synthetic quantitative measures have been proposed which characterize the overall extent to which two or more lineages display convergent morphological patterns (Stayton, 2015) . Importantly, these approaches are process-neutral: describing only patterns of convergence and leveraging the shared phylogenetic history of the taxa under investigation when making evolutionary inferences of those patterns (Stayton, 2015) . As such, these tools provide a powerful means of evaluating evolutionary convergence and provide key evidence in determining the extent to which independent lineages converge on a common phenotype or display a suite of closely related solutions to similar ecological challenges.
One the strongest illustrations for how functional demands influence morphology is the many instances of convergent shell form of bivalved molluscs (Bivalvia) . It has long been recognized that there is a strong association between shell form and ecological niche in bivalves (Verrill, 1897; Kauffman, 1969; Stanley, 1970 Stanley, , 1972 . Stanley (1970) was the first to described in detail how particular shell traits are found in species belonging to one of seven 'life habit' classes (sensu Stanley, 1970) , which are defined by the animal's life position relative to the substrate, type of locomotion or attachment, and feeding mode (hereafter referred to as 'ecomorphs' sensu Williams, 1972) . Thus, shell form is the evolutionary response to the external requirements for living space, locomotion, defence and survival of the adult animal. Modifications to shell morphology include changes to the overall outline of each valve (left vs. right), the form along the hinge, the degree of shell inflatedness (convexity vs. concavity), or the extent of ornamentation over each valve. In ecological classes with more specific performance needs, there is a greater opportunity for convergent shell forms (Stanley, 1972; Thomas, 1978; Serb et al., 2011) . Thus, performance may be a strong predictor of the degree of shell shape convergence.
Within scallops (Bivalvia: Pectinidae), one striking example of convergent evolution is found in species displaying high-performance swimming, or gliding, behaviour Mynhardt et al., 2015) . This behaviour is characterized by the expulsion of water from the mantle cavity while the valves are closed, allowing the animal to propel forward with the ventral-edge leading (Manuel & Dadswell, 1993; Cheng et al., 1996) . The biomechanic properties of gliding have been extensively studied, and we have a good understanding of the parameters important to maximize performance (Morton, 1980; Joll, 1989; Hayami, 1991; Millward & Whyte, 1992; Manuel & Dadswell, 1993; Cheng et al., 1996; Ansell et al., 1998; Himmelman et al., 2009; Guderley & Tremblay, 2013; Tremblay et al., 2015) . Intriguingly, some measurements of gliding kinematics vary within the ecomorph (Caddy, 1968; Morton, 1980; Joll, 1989; Ansell et al., 1998; Mason et al., 2014) , suggesting that there are differences among the functional components of locomotion (see Results). However, it is unknown whether these differences are the result of variation in shell shape, or other functionally relevant morphological traits (Guderley & Tremblay, 2013) . Collectively, species in the gliding ecomorph have a qualitatively similar shell form that is discoid in shape, lacks prominent external shell surface sculpture and have a left valve that is slightly more convex than the lower right valve (Stanley, 1970; Gould, 1971) . In this instance where there appears to be a tight association between shell shape and performance, the morphology would be predicted to be under strong selection, resulting in a narrow area of occupied morphospace for gliding lineages.
Interestingly, the phylogenetic history of the gliding form across the Pectinidae is uncertain, but a recent phylogenetic analysis revealed that the behaviour has evolved independently in at least four lineages: Adamusium-Placopecten, Amusium, Euvola and Ylistrum (Alejandrino et al., 2011). Previous work has shown that morphological similarities in shell shape occur between two gliding lineages (Amusium and Ylistrum; Fig. 1b-d ), but at the time a more comprehensive phylogenetic framework, as well as the necessary analytical tools (sensu Stayton, 2015) , were lacking to rigorously test the hypothesis of more widespread morphological convergence in the group. In this study, we test predictions emerging from the hypothesis that shell shape similarity in gliding scallops is the result of evolutionary convergence, using expanded taxon sampling, which includes all five genera with gliding species. We adopt an integrative approach combining 3D geometric morphometric techniques to quantify shell shape variation and phylogenetic comparative methods to infer the history of morphological diversification across species. With this approach, we test the following predictions: (i) if gliding has specific biomechanic requirements, then lineages with this life style exhibit morphological convergence in shell shape; (ii) if a narrow range of morphologies fulfil the requirements for gliding, then shell morphologies of gliding species will exhibit less shell shape variation, and taxa will therefore occupy a more restricted region of morphospac, than nongliding ecomorphs; and (iii) if differences in shell shape are related to differences in how gliding is performed biomechanically, then gliding lineages will have evolved multiple anatomical solutions for a common biomechanical challenge. To quantitatively address these hypotheses, we utilize phylogenetic comparative methods for evaluating trends in high-dimensional multivariate data (Adams, 2014a, b) , new methods for evaluating morphological disparity in a phylogenetic context, as well as several recently developed measures that evaluate the degree of evolutionary convergence relative to what is expected based on the phylogeny for the group (Stayton, 2015) . Our findings reveal strong evidence for evolutionary convergence in shell shape of gliding species, in which gliding lineages follow similar trajectories to not one, but two regions of morphological space. This pattern suggests that there may be two optima for the gliding phenotype in the Pectinidae.
Materials and methods

Specimen selection and morphological characterization
A total of 933 specimens from 121 species were used in this study and were selected to represent a wide range of taxa displaying all six ecomorphs exhibited in the Pectinidae (data from Sherratt et al., 2016 ; natural history museums listed in Table S1 and Acknowledgments. For each specimen, shell morphology was quantified using geometric morphometric methods (Bookstein, 1991; Mitteroecker & Gunz, 2009; . These methods utilize the locations of landmark coordinates as the basis of shell shape quantification. The method is identical to Sherratt et al. (2016) and uses a total of 202 landmarks and semilandmarks to characterize shell shape (Fig. 1) . Briefly, we first obtained highresolution scans of the left valves of each individual using a NextEngine 3D surface scanner. From these scans, we then digitized the locations of five homologous anatomical locations following Serb et al. (2011) : (i) ventroposterior auricle, (ii) dorsoposterior auricle, (iii) umbo, (iv) dorsoanterior auricle and (v) ventroanterior auricle (Fig. 1) . Next, twelve semilandmarks were placed equidistantly between these fixed points to capture the shape of the auricles, and 35 equidistant points were placed along the ventral edge of the valve between the anterior and posterior auricles. Finally, we used an automated procedure to fit 150 semilandmarks to the shell surface using a template; these are allowed to slide in 3D over the surface (Gunz et al., 2005; Serb et al., 2011; Sherratt et al., 2016) .
To obtain a set of shape variables for each specimen, we aligned the 933 landmark configurations using a generalized Procrustes analysis (GPA: Rohlf & Slice, 1990) . Procrustes superimposition removes differences in specimen position, orientation and scale, and aligns all specimens to a common coordinate system. During this analysis, the semilandmarks were permitted to slide along their tangent directions using the Procrustes distance criterion. The aligned specimens were then projected orthogonally to tangent space to obtain a set of shape variables (Procrustes tangent coordinates: Rohlf, 1990 ) for use in all subsequent analyses. Specimen digitizing and GPA were performed in R 3.3.2 (R Core Team, 2017) using the package GEOMORPH v.3.0.3 (Adams & Ot arola-Castillo, 2013; Adams et al., 2016) . 
Statistical analyses
Overall patterns of variation in shell shape were visualized in morphospace using a principal components analysis (PCA). However, because species are not independent of one another, all subsequent statistical analyses evaluating our evolutionary hypotheses were conducted on species means and using a phylogenetic comparative framework. To evaluate morphological trends in a phylogenetic context, we performed several phylogenetic comparative analyses, using a multigene molecular phylogeny containing 143 species of Pectinidae ( Fig. S1 ; Table S2 ; Alejandrino et al., 2011; Sherratt et al., 2016) . Briefly, we constructed a robust, timecalibrated phylogeny using sequence data from two mitochondrial genes (12S, 16S ribosomal RNAs) and two nuclear genes (histone H3, 28S ribosomal RNA), which were obtained from museum specimens using procedures in Puslednik & Serb (2008) and Alejandrino et al. (2011) . Sequence data were aligned using CLUSTAL W (Thompson et al., 1994) in GENEIOUS PRO v.5.6.4 (http:// www.geneious.com; Kearse et al., 2012) with a gapopening penalty of 10.00 and a gap-extending penalty of 0.20. GBlocks Server (Talavera & Castresana, 2007) was used to remove ambiguous alignment in 16S rRNA. For Bayesian inference, we used a relaxed clock model as implemented in BEAST v.1.8.0 (Drummond & Rambaut, 2007 ) with a speciation model that followed incomplete sampling under a birth-death prior and rate variation across branches uncorrelated and exponentially distributed. Three independent simulations of Markov Chain Monte Carlo for 20 million generations were run, sampling every 100 generations, and 20 000 trees were discarded as burn-in using TRACER v.1.6 l (Rambaut et al., 2014). The remaining trees were combined in LogCombiner; the best tree was selected using TreeAnnotator. We used 30 fossils to constrain the age of nodes through assigning node priors, details of which are in Sherratt et al. (2016: table 2) . Combining the morphological and phylogenetic data, the mean shell shape was estimated for each species and the morphological data set was matched to the phylogeny. As there were 93 species shared between the two data sets, the phylogeny and the morphological data matrix were pruned to contain the unique set of 93 taxa ( fig. 2 , as in Sherratt et al., 2016) . Phylogenetic patterns of shell shape evolution were examined using several approaches. First, to evaluate phylogenetic trends in the shape data, we first conducted an analysis of phylogenetic signal, using the multivariate version of the kappa statistic (K mult : (Adams, 2014a) . Next, we performed a phylogenetic analysis of variance (ANOVA) to evaluate whether shell shape differed among ecomorphs while accounting for phylogenetic nonindependence. This approach is based on a generalization of phylogenetic generalized least squares (PGLS) and is appropriate for evaluating trends in high-dimensional multivariate data (described in Adams, 2014a, b; Adams & Collyer, 2015) . We visualized patterns of shell shape evolution using a phylomorphospace approach (sensu Sidlauskas, 2008) , where the extant taxa and the phylogeny were projected into morphospace, and evolutionary changes in shape were visualized along the first two axes of this space using PCA.
Finally, we performed several quantitative analyses to evaluate the degree of morphological convergence in a phylogenetic context, including two recently developed convergence measures (Stayton, 2015) . The first convergence measure, C 1 (Stayton, 2015) , characterizes the degree of morphological difference between extant taxa relative to the maximal morphological distance between any of their ancestors. This measure represents the proportion of morphological divergence that has been reduced in the extant taxa, with a maximal value (1.0) indicating the extant species are morphologically identical (Stayton, 2015) . The second convergence measure, C 5 (Stayton, 2015) , describes the frequency of convergence into a particular region of morphospace and is estimated by determining the number of extant lineages of the putatively convergent taxa that cross the boundary of a convex hull formed by the focal taxa (Stayton, 2015) . Both measures were statistically evaluated using phylogenetic simulation, where multivariate data sets are simulated along the phylogeny using Brownian motion, and the observed test measures are compared to a distribution of possible values obtained from these simulations to assess their significance (Stayton, 2015) .
Additionally, we evaluated whether the degree of morphological disparity (Stayton, 2006; Zelditch et al., 2012) among species in the gliding ecomorph was less than expected by chance while accounting for phylogenetic relatedness using two novel approaches. For the first approach, we estimated the observed morphological disparity among species within each ecomorph and ranked the degree of disparity in the gliding ecomorph relative to the disparity observed within all other ecomorphs. Then, we generated 1 000 simulated data sets under a Brownian motion model of evolution, using the time-dated molecular phylogeny above and an input covariance matrix based on the covariance matrix of the observed shape data. From each data set, we then estimated measures of morphological disparity for each ecomorph and compared the observed patterns of disparity to what was expected under a Brownian motion model of evolution (for a related procedure see: Garland et al., 1993; Sherratt et al., 2016) .
Our second approach accounted for the phylogeny directly in the disparity calculations. Here, we performed a transformation of the data using the phylogenetic transformation matrix (Garland & Ives, 2000; Adams, 2014b) and obtained estimates of disparity for each ecomorph in the phylogenetically transformed space following standard computations. The significance of phylogenetic morphological disparity for the gliding
ecomorph was then evaluated statistically using permutation tests, where morphological values were permuted across the tips of the phylogeny to disassociate the morphological data from the ecomorph groups (Adams, 2014a) . Note that our procedure for phylogenetic morphological disparity differ from that of Brusatte et al. (2017) , in that our approach directly accounts for species' nonindependence due to the phylogeny when estimating patterns of morphological diversity in extant taxa. By contrast, Brusatte et al. (2017) use estimated ancestral states to inform disparity measures among fossils at particular time periods in the palaeontological history of a group, but did not incorporate the phylogeny in extant analyses directly. All analyses were performed in R 3.3.2 (R Core Team, 2017) using the package GEIGER 2.0.6 (Pennel et al., 2014) , the package GEOMORPH v.3.0.3 (Adams & Ot arolaCastillo, 2013; Adams et al., 2016) , the package CON-VEVOL v.1.0 (Stayton, 2014) and routines written by one of the authors (DCA).
Biomechanical data and analysis
In addition to morphological data, we obtained several measurements of functional performance in swimming for four species of gliding scallops (Amusium pleuronectes, Adamussium colbecki, Placopecten magellanicus and Ylistrum balloti). Performance measures were taken from the primary literature and were based on swimming trials of animals in the laboratory (Morton, 1980) or under natural conditions (Joll, 1989; Ansell et al., 1998; Mason et al., 2014) . Data collected by SCUBA divers and high-definition video recordings include distance travelled, the number of adductions during the swimming bout, swimming time and swimming velocity. Because data from some publications were presented only as means and standard deviations, we performed t-tests comparing pairs of taxa for each performance measure.
Results
Visual inspection of morphospace using PCA revealed distinct clusters that broadly corresponded to the ecomorph groups (Fig. 3) . Specifically, the free-living and byssal-attaching ecomorphs occupied most of the morphospace and overlapped greatly in PC1 vs. PC2, but showed some separation along PC3. The recesser ecomorph formed an elongate cluster extending away from the main cloud of free/byssal species. The specimens of Pedum spondyloideum, the only nestling species, were all very different from one another, and lay at the edge of the free-living/byssal attaching ecomorph cloud, as did species of the cementing ecomorph (see full list in Table S1 ).
The gliding ecomorph occupies the extreme positive end of PC2 where valves have smaller auricles compared to other ecomorphs. Interestingly, these gliding individuals occupied two distinct regions of morphospace. This implies that two subclusters of similar, yet subtly distinct shell shapes were exhibited by species that utilize this behaviour. The shape difference between the two gliding morphotypes was described by the degree of valve flatness (Z-axis), where flatter valves were at the positive end of PC1 (Fig. 3, lateral  views) . Further, gliding species appeared to display less variation in shell shape when compared to the other ecomorphs, as the patterns of distribution in morphospace of the two clusters were each more restricted compared to other ecomorphs.
Across scallops, shell shape displayed significant phylogenetic signal (K mult = 0.2778; P < 0.001). Using phylogenetic ANOVA, we found significant differences in shell shape across ecomorphs (D-PGLS, F 5,87 = 5.505, P < 0.001, R 2 = 0.240, Z = 8.60), implying that the functional groups were morphologically distinct in spite of shared evolutionary history. When viewed in phylomorphospace (Fig. 4) , the shell shape differences were evident, with the gliding species occupying a unique region of morphospace when compared to taxa from the other functional groups. Lending support to this visual observation, both measures of convergence for the gliding taxa revealed strong evolutionary signals for morphological similarity in gliding species. Specifically, the average measure C 1 between pairs of gliding taxa was 0.45, indicating that the distance between extant gliding species is on average 45% less of morphospace when compared to the maximum spread of their ancestors. Using Brownian motion simulations, this value was highly significant (P > 0.001). Likewise, the number of convergent events in gliding species (C 5 = 5) was significantly greater than would be expected from a Brownian motion model of evolution (P = 0.016). Additionally, gliding species displayed the lowest levels Fig. 2 Pruned chronogram of 93 scallop species for which morphological data is available. Species labels are coloured by life habit (green = cementing, red = nestling, blue = byssal-attaching, purple = recessing, black = free-living, orange = gliding). Left valves of the six gliding species are shown on the right (marked by letters a-f). Genera and species as in Table S2 . Time calibration based upon 30 node groups. Redrawn from Sherratt et al. (2016) .
of within-ecomorph disparity (Table 1) , and this pattern differed significantly from what was expected under a Brownian motion model of evolution (P = 0.031). Further, when morphological disparity was evaluated in a phylogenetic context, there was less variation within the gliding ecomorph than expected by a random association of morphology and ecotype (MD glide = 3.28 9 10 À5 ; P = 0.004: Table 1 ). Taken together, these analyses provided significant empirical support for the hypothesis that species in the gliding ecomorph displayed phylogenetic evolutionary convergence. Interestingly, as was observed in the PCA of all individuals, phylogenetic patterns in shell shape viewed in phylomorphospace (Fig. 4) revealed two clear clusters of gliding species. One of these clusters (the 'A' morphotype) was comprised of four species derived from three distinct phylogenetic lineages [Ylistrum ballotti (Bernardi, 1861 ) & Ylistrum japonicum (Gmelin, 1791); A. pleuronectes (Linnaeus, 1758) ; Euvola papyraceum (Gabb, 1873), species d, c, b, and a, respectively, in Fig. 2 , Pectininae; see Serb, 2016) ]. The 'B' gliding morphotype was comprised of species from two Tribes [Adamussiini: Ad. colbecki (Smith, 1902) & Palliolini: P. magellanicus (Gmelin, 1791; Serb, 2016 ; species e and f: Fig. 2) ]. Thus, patterns of phenotypic evolution of shell shape appeared to display two distinct gliding morphologies. Interestingly, we observed significant differences in biomechanical performance measures between species in these two morphotypes, with the A morphotype attaining greater distances, displaying a higher number of adductions, longer swim times and faster velocities then the B morphotype (Table 3) . Taken together, these results imply that there are twotwo gliding morphs in scallops, and each has accomplished their gliding behaviour differently from a biomechanical perspective.
Discussion
Morphological convergence provides a series of independent tests of the phenotypic response to a particular selective regime. In phenotypes where performance level is determined by the morphology of the organism, strong selective forces may act on specific components of that form. In the case of gliding scallop species, this hypothesis is supported. Specifically, we found significant similarity in shell shape across these species in a manner suggestive of evolutionary convergence. Further, explicit tests of evolutionary convergence revealed that the observed similarities were unlikely if traits evolved under multivariate Brownian motion, lending additional support to the convergence hypothesis. Together our results are consistent with the prediction that locomotory performance elicits selection on shell morphology, resulting in evolutionary convergence in shell shape in those species, which have independently evolved gliding behaviour. Interestingly, whereas gliding taxa do occupy a distinct region in morphospace from scallop species exhibiting other behaviours, the evolution of the gliding form in Pectinidae is not a simple example of convergence. Rather, there is still some additional structure within the gliding morphotype suggestive of both overall convergence in shell shape, as well as a degree morphological divergence (a relatively flat valve with small auricles and the degree of valve flatness, respectively). This latter finding is evidenced Fig. 3 Principal components plot of shell shape based on 933 specimens. The first two axes explain 66.7% of the total shape variation (PC1 = 42%; PC2 = 24.6%). Specimens are coloured by the life habit group to which they belong (legend inset, ordered by increasing mobility). Shape deformations relating to the positive and negative extremes of each axis are shown as surfaces warped using thinplate spline, depicted in dorsal (left) and lateral (right) views.
by the fact that two clusters of gliding taxa are evident in phylomorphospace (Figs 3 and 4) , and that species in these two clusters display significant differences in biomechanical performance (Table 3) . Thus, whereas there is a clear gliding morphotype displayed across all gliding lineages, subforms within this group are also apparent.
From these observations, we can draw three conclusions. First, morphological convergence in shell shape does occur for the five gliding lineages, and lineages occur in a distinct, but broad, region of morphospace, separate from other life habit forms. Second, whereas all gliding species occupy the same general region of morphospace, among the gliders, two morphotypes can be distinguished. This implies that two subtle, yet distinct shell shapes are exhibited by species that must solve the same performance challenges related to the gliding behaviour. Third, gliding has more restrictive shell form requirements than other life habits. Gliding species display less variation in shell shape when compared to the other life habits. Indeed, the two gliding morphotypes had roughly 30% of the variation observed in the other life habit groups, indicating a significant reduction in shell shape variation among gliding individuals. Overall, both the individual-based patterns (Fig. 3 ) and the phylomorphospace pattern (Fig. 4) suggest that there may be two optima for the gliding phenotype in the Pectinidae.
Interestingly, the limited performance data on gliding in scallops is consistent with our two optima hypothesis implied by the morphological data. Several parameters of functional performance in swimming have been evaluated in these taxa, and slight differences in these biomechanical parameters exist between the gliding species including: the maximum distance travelled of a single swim, the number of adductions per swimming effort, and horizontal swimming speed (Caddy, 1968; Morton, 1980; Joll, 1989; Ansell et al., 1998) (Table 2) . Further, the differences in performance observed between taxa also correspond to the two gliding Coloured dots represent extant species, and white dots represent hypothesized ancestors inferred from ancestral state reconstruction. The inset shows an enlargement of the region in morphospace containing gliding species with orange dots, displaying the two gliding morphotypes (A and B) . Only those phylogenetic branches containing gliding species and their ancestors (squares) are shown. Tables 2 and 3 ). We hypothesize this may be a direct result of a more effective gliding phase due to shells having a more discoid and hydrodynamic form through the reduction of the auricles (and other conclusions from our Results). This hypothesis has support from previous work by Hayami (1991) , who found Y. japonicum (morphotype A) shells have the lower value of drag coefficient and higher liftdrag ratio when compared to P. magellanicus (morphotype B), which is likely to be because morphotype A is flatter than B. Future biomechanical studies directly linking gliding performance with three-dimensional shell shape would be essential in testing these observations and this hypothesis.
A central conclusion of our study is that the shell shape of gliding scallops exhibits a strong pattern of convergence. Quantifying convergence is important not only for identifying major evolutionary trends, but to discover, and subsequently measure, the more subtle degrees of morphological convergence. This variation can then be placed into the relevant biological context and direct future research efforts. However, the challenge has been to apply a pattern-based, rather than process-based, approach. The recent development of quantitative, pattern-based evolutionary convergence tests finally provides us with a useful set of tools to evaluate convergence within a phylogenetic context (Stayton, 2015) . This approach has been used successfully to quantify convergent evolution across ecological guilds in a wide variety of taxa including pythons and boas (Esquerr e et al., 2016) , planktivorous surgeonfishes (Friedman et al., 2016) , social swallows (Johnson et al., 2016) and squirrels (Zelditch et al., 2017) . Thus, the application of quantitative measures should illuminate convergence patterns in understudied taxa and Table 2 Some aspects of swimming performance during the horizontal phase in gliding scallops from the A and B morphotypes (indicated in parentheses). All comparisons were statistically significant at the experiment-wise Bonferroni value (P < 0.005) unless indicated.
provide key evidence in determining the extent to which independent lineages converge on a common phenotype or display a suite of closely related solutions to similar ecological challenges.
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